Bik1 Associates with the Plus Ends of Growing, Three Cytoplasmic Pools of Bik1
Using fluorescence recovery after photobleaching Shrinking, and Pausing MTs By single-color live cell microscopy we previously found (FRAP), we determined if the Bik1 at the plus end is dynamic. The bright spot of Bik1-3YFP at the plus end that Bik1, like human CLIP-170, bound polymerizing MTs (Lin et al., 2001 ). To further characterize the mechaof the MTs was bleached with a laser that could be rapidly targeted by a galvanometer-driven mechanism nism of association of Bik1 with the MT plus end, we imaged a functional fusion between Bik1 and a 3YFP ( Figure 2A ). The recovery of the Bik1-3YFP signal was imaged by rapid single focal plane time-lapse microscassette (Bik1-3YFP) in cells in which MTs were also labeled with CFP-Tub1 (␣-tubulin). As observed for Bik1-copy. Only MTs that remained in focus (monitored by CFP-Tub1 fluorescence) during the course of the experi-GFP constructs, Bik1-3YFP appeared as bright spots at the plus ends of the CFP-labeled MTs. However, twoment were analyzed (n ϭ 12). We observed that Bik1-3YFP at the plus ends of MTs was dynamic with an color imaging revealed that Bik1 was at the plus end not only during MT growth, but also during depolymerization, average half-time of recovery of 19.2 s Ϯ12.9 (range 6.4 to 47.5 s) and an average maximal recovery of 59.6% Ϯ a behavior that we term "backtracking" ( Figure 1A and Supplemental Movie S1 [http://www.developmentalcell.
18.8 (range 27 to 86.8%). The turnover of the plus endbound pool of Bik1 was confirmed by fluorescence loss com/cgi/content/full/6/6/815/DC1]). Fluorescence intensity measurements revealed that, although some in photobleaching (FLIP, data not shown). Of note, in 6/12 of the cells the recovery of the plus end occurred fluctuations of the Bik1-3YFP signal were detected, there was no correlation between the intensity of the without any change in the length of the bleached MT ( Figure 2B ). Thus, our FRAP data support the idea that signal and periods of MT growth or shrinkage ( Figure  1A) . Consistent with the live cell imaging, in fixed cells Bik1 is targeted to the plus end by a dynamic mechanism that is independent of MT dynamicity. Bik1-3YFP was detected at the plus ends of 97% of CFP-Tub1-labeled MTs (n Ͼ 600).
A significant pool of Bik1 is also present at or adjacent to the SPB. This signal includes Bik1 bound to the kinetBik1-3YFP bound the plus ends of both growing and shrinking MTs during all cell cycle stages. , and associated with both growing and shrinking MTs originating from both the mother-and the daughter-oriented Bik1 bound to the plus ends of very short MTs. Because these pools of Bik1 cannot be resolved by light microsSPBs (10-20 MTs were imaged for each class). Although observed during all cell cycle stages, the backtracking copy, they will hereafter be described as the "SPBassociated pool of Bik1." We again used FRAP to deterof Bik1 was less robust in unbudded G1 cells. In these cells, we frequently observed that during periods of MT mine the turnover of Bik1 associated with the SPB. In most cells, there was no significant recovery of SPBdepolymerization, the Bik1-3YFP signal intensity decreased (11/27 depolymerization events); however, it associated Bik1-3GFP after photobleaching, even when cells were imaged for up to several minutes (n ϭ 18 never completely disappeared ( Figure 1B) . Although the signal was less bright, Bik1 tagged with a single GFP observed, on average, for 521 s; range 285 to 864 s Figure 3C ). Although the bulk of the Bik1-3YFP speckles moved toward the plus end, we cannot either examined overexpressed Kip2 or did not colocalize Kip2 with MTs. We therefore reexamined Kip2 localexclude the possibility that a small percentage of speckles move toward the minus end. Thus, inconsistent with ization at endogenous levels in cells where tubulin could also be imaged ( Figure 5A ). A functional Kip2-3YFP futhe treadmilling mechanism, Bik1-3YFP speckles are not stationary, but rather slide along the MT in a manner sion exhibited strong labeling of the MT plus end and, similar to Bik1, produced low-intensity speckles along suggesting motor-dependent transport.
To determine the mechanism of Bik1 transport, we MTs. By live cell imaging, the Kip2-3YFP speckles were 
